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Abstract. The flow pattern and evolution of the medium created in ultrarel-
ativistic heavy ion collisions can have significant influence on the energy loss
of hard partons traversing the medium. We demonstrate that within a range
of assumptions for longitudinal and transverse flow which are all compatible
with the measured hadronic single particle distributions, the quenching power
of the medium can vary within a factor five. Thus, the choice of the medium
evolution is one of the biggest uncertainties in jet quenching calculations and
needs to be addressed with some care.
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1. Introduction
Energy loss of a high pT ’hard’ parton travelling through low pT ’soft’ matter has
long been recognized as a promising tool to study the initial high-density phases of
ultrarelativistic hevay-ion collisions (URHIC) [ 1, 2, 3, 4, 5, 6]. In [ 7, 8], it has
been suggested that a flow component transverse to the high pT parton trajectory
would lead to increased energy loss as compared to the one a static medium. It
seems that this energy loss ends up exciting Mach cone like hydrodynamical shock
waves traversing the medium [ 9].
In [ 10] we investigated this suggestion in a hydro-inspired evolution model for
Au-Au collisions at RHIC [ 11] which successfully reproduces hadronic 1-particle
spectra and 2-particle correlation measurements.
We found that if one wants to be consistent with the measured value of the
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nuclear suppression factor RAA [ 12], the transport coefficient qˆ (the parameter
locally characterizing the opacity of the medium) has to be readjusted within a
factor 5 for different assumptions about the flow profile and development. In this
paper we summarize the essential findings of [ 10].
2. The formalism
Key quantity for the calculation of jet energy loss is the local transport coefficient
qˆ(ηs, r, τ) which characterizes the squared average momentum transfer from the
medium to the hard parton per unit pathlength. Since we consider a time-dependent
inhomogeneous medium, this quantity depends on spacetime rapidity ηs =
1
2
ln t+zt−z ,
radius r and proper time τ =
√
t2 − z2 (we focus on central collisions and assume
azimuthal symmetry in the following). The transport coefficient is related to the
energy density of the medium as qˆ = cǫ3/4.
In order to find the probability for a hard parton P (∆E) to lose the energy
∆E while traversing the medium, we make use of a scaling law [ 13] which allows
to relate the dynamical scenario a static equivalent one by calculating the following
quantities averaged over the jet trajectory ξ(τ) :
ωc(r0, φ) =
∫ ∞
0
dξξqˆ(ξ) and (qˆL)(r0, φ) =
∫ ∞
0
dξqˆ(ξ) (1)
as a function of the jet production vertex r0 and its angular orientation φ. In
the presence of flow, we follow the prescription suggested in [ 8] and replace
qˆ = cǫ3/4(p)→ cǫ(T n⊥n⊥) with T n⊥n⊥ = p(ǫ) + [ǫ+ p(ǫ)] β
2
⊥
1− β2
⊥
(2)
where β⊥ is the spatial component of the flow field orthogonal to the parton
trajectory. Using the results of [ 14], we obtain P (∆E) from ωc and (qˆL) as a
function of jet production vertex and the angle φ from the distribution ω dIdω of
gluons emitted into the jet cone. We average over all possible angles and production
vertices, weighting the distribution with the nuclear overlap TAA(b) =
∫
dzρ2(b, z)
(for central collisions) with ρ the nuclear density as a function of impact parameter
b and longitudinal coordinate z.
We calculate the the inclusive charged pion production in LO pQCD. Thus,
schematically this amounts to folding the average energy loss probability into the
factorized expression for hadron production (explicit expressions can be found in
[ 15, 16]). We use the CTEQ6 parton distribution functions [ 17, 18] for the pp
reference, the NPDF set [ 19] for production in nuclear collisions and the KKP
fragmentation functions [ 20].
We obtain the nuclear modification factor (in the case of central collisions) as
RAA(pT , y) =
d2NAA/dpTdy
TAA(0)d2σNN/dpTdy
. (3)
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In order to demonstrate the influence of flow, we calculate two different sce-
narios: In a first run, we assume a longitudinal Bjorken expansion (as commonly
done) and disregard the correction Eq. 2. Then, we use the best fit to the hadronic
freeze-out from [ 11], assume a transverse flow profile vT ∼ r2 and a small initial
vT and take into account Eq. 2. We stress that both scenarios describe transverse
mass distribution of pions, kaons and protons as well as dN/dη spectra, however
the Bjorken expansion does not describe the HBT correlations correctly. To get a
measure for the opacity, we then adjust the coefficient c linking ǫ3/4 and qˆ such that
the high pT tail of RAA (where the formalism is applicable) is described well.
3. Results and discussion
The resulting description can be seen in Fig. 1. We stress that c varies bewteen 2
and 10, thus flow potentially has a dramatic influence on the quenching power of
the medium.
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Fig. 1. Calculated RAA in a Bjorken expansion and without the effect of trans-
verse flow on energy loss, requiring c = 10 (solid red) and in the best fit evolution
described in [ 11], assuming a quadratic flow profile, a small primordial flow velocity
viT = 0.1 and αs = 0.45.
The physics behind the influence of longitudinal and transverse flow is quite
different. At midrapidity, jets are always co-moving with the surrounding matter,
so Eq.2 is irrelevant for longitudinal flow. However, the density as a function of τ
strongly depends on the expansion pattern, which, for early times, is dominated by
longitudinal flow. Thus, in the initially more compressed an later re-expanding best
fit scenario the density is always higher than in the Bjorken case, leading to a higher
opacity of the medium. The effect of transverse flow is due to the influence of Eq.2
— and it can be made most pronounced by increasing flow close to the surface.
Using the formalism of [ 7, 8], the center of the fireball is quite opaque and most
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measured jets originate close to the surface. Consequently, any effect proportional
to the magnitude of vT is most pronounced if vT is enhanced close to the surface.
Therefore a flow profile vT ∼ r2 shows more quenching than one vT ∼ r [ 10].
In summary, we believe that given the large effects on the quenching power
of the medium induced by flow, it is not meaningful to present estimates of the
gluon density in the initial state based on RAA alone without taking the evolution
of matter and the development of flow into account.
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